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(54) Process for surface-treating an aluminium-containing metal 

(57) An aluminum-containing metal material for, for 
example, a heat-exchanger for motorcars is surface- 
treated by chemically etching an AJ-containing metal 
material surface, forming a first protective layer on the 
etched surface by a chemical conversion treatment with 
an aqueous solution of Zr phosphate or Ti phosphate, 
and coating the first protective layer with a second pro- 
tective layer containing a hydrophilic resin including 
non-cross-linked hydrophilic functional groups and at 
least partially cross-linked reactive functional groups 
different from the hydrophilic functional groups, to 
impart high hydrophilicity and resistance to odor gener- 
ation and corrosion to the aluminum-containing metal 
material surface. 
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Description ~ ■ ; 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a process for surface-treating an aluminum-containing material, particularly a 
heat-exchanger having heat-exchanging tubes and fins comprising aluminum or an aluminum alloy and usable as a part 
of an air condition for motorcars. 

10 

2. Description of the Related Art 

[0002] Conventional heat exchangers having heat-exchanging tubes and fins comprising aluminum or an aluminum 
alloy are mostly designed so that the surface areas of heat-radiating portions and cooling portions are as large as pos- 
ts sible, to obtain excellent heat-radiation or cooling effects in a limited space. Therefore, the gaps between the fins are 
very small. Also, to decrease air resistance of the heat exchanger to as low as possible, the fins are notched. The 
notched fin is referred to as a fin louver. 

[0003] When the above-mentioned heat exchangers are used for cooling, the moisture contained in air is condensed 
on the surface of the heat exchanger to form water drops which fill the gaps between the fins to increase the air resist- 
20 ance of the heat exchanger, and thus the heat-exchanging efficiency of the heat-exchanger is decreased. 

[0004] Also, the condensed water drops cause corrosion of aluminum or aluminum alloy in the heat exchanger, and 
thus a fine white powder of aluminum oxide is generated on the fin surfaces. When the heat exchanger surface is kept 
in a wetted condition for long time, mold easily grows on the fin surfaces. 

[0005] The white aluminum oxide powder formed on the fin surfaces and the water drops condensed between the fins 
25 are scattered by an air blower into the passenger compartment of the motorcar, and the mold grown on the fin surfaces 
generates mold odor, to give the occupants an unpleasant feeling. 

[0006] As a surface treatment for a purpose of preventing a corrosion of the aluminum or aluminum alloy heat 
exchanger, a chromic acid-chromate chemical conversion treatment and a phosphoric acid-chromate chemical conver- 
sion treatment are known. The chromic acid-chromate chemical conversion treatment was practically utilized from 

30 about 1 950 and is still widely used for the fin materials of the heat exchangers, etc. This chemical conversion treatment 
liquid contains, as main components, chromic acid (Cr0 3 ) and hydrofluoric add (HF), and further an accelerator, and 
can form a chemical conversion coating containing a small amount of hexavalent chromium. The phosphoric acid-chro- 
mate chemical conversion treatment is based on the invention of U.S. Patent No. 2,438,877 or 1945, and the treatment 
liquid thereof comprises chromic acid (Cr0 3 ), phosphoric acid (H3PO4) and hydrofluoric acid (HF). The resultant chem- 

35 ical conversion coating contains, as a principal component, hydrated chromium phosphate (CrP04 • 4H 2 0). 

[0007] To prevent the blockage of the heat exchanger by the water drops remaining in the gaps between the fins, a 
treatment methods for imparting a high hydrophilicity to the fin surfaces and for enhancing the water-wetting property 
of the fin surfaces have been developed. In these methods, a hydrophilic coating is formed from hydrophilic inorganic 
compounds, for example, water glass and silica gel, and organic compounds, for example, surfactants and water-solu- 

40 ble resin, which may be used alone or in a mixture of two or more thereof, on a surface of corrosion resistant coating 
for exanrple, phosphoric acid-chromate coating or chromic acid-chromate coating. 

[0008] For example, Japanese Unexamined Patent Publication No. 61-250,495 discloses an aluminum heat 
exchanger and a process for producing the same. 

[0009] This process is characterized in that a hydrophilic coating comprising, as a principal component, a water-sd- 
45 uble polyamide resin exhibiting a cationic property in an aqueous solution thereof is formed on a chemical conversion 
coating such as chromate coating. This process is, however, disadvantageous in that the coating procedure causes a 
waste liquid containing hexavalent chromium (Cr 6+ ) to be discharged. Since the chromate type surface treatment uses 
an aqueous treatment liquid containing harmful hexavalent chromium, there is a strong demand for a new treatment liq- 
uid containing no hexavalent chromium, to prevent environmental pollution. Also, since the above-mentioned waste liq- 
50 uid is not allowed to be discharged without a hexavalent chromium-removing treatment, the waste liquid must be treated 
by a treatment apparatus using treatment reagents which causes the resultant product to be expensive. 
[0010] To solve the above-mentioned problem, for example, Japanese Unexamined Patent Publication No. 7-48,682 
discloses a surface treatment process for aluminum heat exchanger comprising the steps of forming a surface treat- 
ment layer on the aluminum surface by an anti-rust agent selected from water-soluble polyaminepolyamide resin-tannic 
55 acid-titanium compositions, water-soluble polyamide resin-tannic acid-zirconium compositions, water-soluble acryl-sty- 
rene copolymer resin-phytic acid-zirconium compositions, polyvinyl alcohol-tannic acid-lithium compositions, tannic 
acid-titanium compositions, tannic acid, zirconium compositions, tannic acid-lithium compositions, phytic acid-lithium 
compositions, phytic acid zirconium compositions, phytic acid-titanium compositions and silane-coupling agents; and 
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optionally forming a hydrophilic coating layer containing a antibacterial agent on the surface treatment layer. 
[001 1 ] By applying the above-mentioned process, the problem of the waste liquid containing the hexavalent chromium 
(Cr 6 *) can be solved, and the treatment cost including the treatment apparatus cost and the treatment reagent cost can 
be saved. 

[0012] However, generally, the non-chromate coating exhibits a lower corrosion resistance than that of the chromate 
coating. Therefore, in the aluminum heat exchanger obtained in accordance with the process disclosed in the Japanese 
unexamined patent publication by passing through the surface treatment procedure using, as a chemical conversion 
coating, the non-chromate coating, when water-absorption and swelling and then drying are repeatedly applied to the 
heat exchanger by the drying cycle, the formed coating is deteriorated and this, the coating is partly peeled away to 
create defective portions, an odor is generated due to the metal or metal oxides exposed in the defective portions, and 
the odor is blown into the inner room space of the motorcar by the air blower attached to the heat exchanger to give the 
occupants in the motorcar an unpleasant feeling. The above-mentioned disadvantages have not yet been overcome. 
[0013] Accordingly, at the present time, there is no process for surface-treating an aluminum heat exchanger with a 
non-chromate treating liquid, so that the resultant treated surface can maintain high hydrophilicity, corrosion resistance 
and resistance to odor-generation over a long period, and the waste liquid-treating cost is reduced. 

SUMMARY OF THE INVENTION 

[0014] An object of the present invention is to provide a process for surface-treating an aluminum-containing metal 
material, particularly an aluminum or aluminum alloy-containing heat exchanger, to form a surface coating capable of 
maintaining excellent hydrophilicity, corrosion resistance and odor generation-preventing properly over a long period. 
[0015] Another object of the present invention is to provide a process for surface treating an aluminum-containing 
metal material, particularly an aluminum or aluminum alloy-containing heat exchanger with a non-chromate treating liq- 
uid, while preventing generation of a waste water containing hexavalent chromium (Cr 6+ ) and decreasing the waste 
water-treatment cost. 

[0016] The process of the present invention can solve the above-mentioned problems of the conventional surface 
treatment methods for the aluminum-containing metal materials. 

[0017] The above-mentioned objects can be attained by the process of the present invention, fa surface-treating an 
aluminum-containing metal material, which comprises the steps of: 

chemically etching at least a portion of a surface of an aluminum-containing metal material; 
applying a chemical conversion treatment to the chemically etched surface of the aluminum-containing metal mate- 
rial, with a chemical conversion treating liquid containing at least one member selected from the group consisting 
of zirconium phosphate and titanium phosphate, to form a first protective layer; and 
forming a second protective layer containing a hydrophilic resin on the first protective layer, 
wherein the hydrophilic resin contained in the second protective layer comprises at least one polymer having at 
least one type of non-cross-linked hydrophilic functional groups and at least one type of reactive functional groups 
different from the hydrophilic functional groups, at least a portion of the reactive functional groups being cross- 
linked. 

[0018] In an embodiment of the surface-treating process of the present invention for the aluminum-containing metal 
material, the second protective layer is formed by coating the first protective layer with a resin treating liquid comprising 
at least one polymer having one or more types of hydrophilic functional groups and one or more types of reactive func- 
tional groups different from the hydrophilic functional groups and a cross-linking agent comprising at least one cross- 
linking compound reactive to the reactive functional groups but not reactive to the hydrophilic functional groups; and 
heat-drying the resultant resin treating liquid layer. 

[0019] In another embodiment of the surface-treating process of the present invention for the aluminum-containing 
metal material, the second protective layer is formed by coating the first protective layer with a resin treating liquid con- 
taining at least one hydrophilic polymer having one or more types of hydrophilic functional groups, at least one reactive 
polymer having one or more types of reactive functional groups different from the hydrophilic functional groups, and a 
cross-linking agent comprising at least one cross-linking compound reactive to the reactive functional groups but not 
reactive to the hydrophilic functional groups; and heat-drying the resultant resin treating liquid layer. 
[0020] In still another embodiment of the surface-treating process of the present invention for the aluminum-containing 
metal material, the second protective layer is formed by coating the first protective layer with a resin treating liquid con- 
taining a cross-liquid agent comprising at least one cross-linking compound having one or more types of hydrophilic 
functional groups and one or more types of cross-linking functional groups non-reactive to the hydrophilic functional 
groups, and at least one polymer having one or more types of reactive functional groups different from the hydrophilic 
functional groups of the cross-linking compound and reactive to the cross-linking functional groups of the cross-linking 
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compound; and heat-drying the resultant resin treating liquid layer. 

[0021 ] In the surface-treating process of the present invention for the aluminum-containing metal material, the alumi- 
num-containing metal material may be heat-exchanger having solder-bonded tubes and fins comprising aluminum or 
an aluminum alloy. 

5 [0022] In the surface-treating process of the present invention, for the aluminum-containing metal material, the alurrri- : 
num-containihg metal material preferably exhfoit a reduction in weight of 0.02 to 20 g/m 2 by the chemical etching step. 
[0023] In the surface-treating process of the present invention, for the aluminum-containing metal material the chem- 
ical etching step is preferably carried out by using an aqueous acid solution containing at least one member selected 
from the group consisting of sulfuric acid, hydrofluoric arid, nitric acid, and phosphoric acid, or an aqueous alkaline 

10 solution containing at least one member selected from the group consisting of sodium hydroxide, potassium hydroxide 
and alkali metal phosphates. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

75 [0024] The inventors of the present invention have extensively studied a means for solving the problems of the con- 
ventional surface-treating processes as mentioned above. As a result, the inventors have found that in the surface-treat- 
ing process for an aluminum-containing metal material, particularly a heat exchanger comprising aluminum or ■; 
aluminum alloy tubes and fins, a coating capable of maintaining an excellent hydrophilicity, a high odor generation-pre- I 
venting property and a superior corrosion resistance over a long period can be formed on the aluminum-containing : 

20 metal material surface by applying a specific chemical etching treatment to the surface, forming a first protective layer 
free from hexavalent chromium on the chemically etched surface by a chemical conversion treatment with a chemical 
conversion treating liquid containing zirconium phosphate and/or titanium phosphate, and further forming a second pro- 
tective layer containing a specific hydrophilic resin on the first protective layer surface, the hydrophilic resin contained 
in the second protective layer comprising at least one polymer having non-cross-linked hydrophilic functional groups 

25 and reactive functional groups which are different from the hydrophilic functional groups and are at least partially cross- 
linked. The process of the present invention has been completed based on the above-mentioned finding. 
[0025] The aluminum-containing metal material usable for the surface-treating process of the present invention is 
selected from aluminum materials and aluminum alloy materials. The aluminum alloy is preferably selected from alumi- 
num-magnesium alloys, aluminum-silicon alloys and aluminum-manganese alloys. These aluminum-containing metal 

30 materials include shaped materials, for example, tubes, fins and hollow plates, for heat exchangers such as air condi- \ 
tioners. 

[0026] In the surface-treating process of the present invention, a chemical etching treatment is applied to at least por- 
tions of an aluminum-containing metal material. 

[0027] The chemical etching treatment is carried out with a treating liquid which are preferably an aqueous acid solu- 
35 tion containing at least one member selected from, for example, sulfuric acid, hydrofluoric acid, nitric acid, and phos- 
phoric acid, or an aqueous alkaline solution containing at least one member selected from, for example, sodium 
hydroxide, potassium hydroxide arid alkali metal phosphates. 

[0028] In the surface-treating process of the present invention, the chemically etched surface of the aluminum-con- 
taining metal material is subjected to a first protective layer-forming step. The first protective layer is formed by a chem- j 
40 ical conversion treatment with a first treating liquid containing at least one member selected from zirconium phosphate 
and titanium phosphate. 

[0029] In the surface-treating process of the present invention, the first protective layer surface is further coated with 
a second protective layer. The second protective layer is formed from a second treating liquid containing a hydrophilic 
resin which comprises at least one polymer having at least one type of non-cross-linked hydrophilic functional groups : 
45 and at least one type of reactive functional groups different from the hydrophilic functional groups, at least a portion of 
the reactive functional groups being cross-linked. 

[0030] The individual steps of the surface-treating process of present invention will be further explained in detail 
below. 

so Process steps 

[0031] Preferable steps of the surface-treating process of the present invention for an aluminum-containing metal 
material, particularly, an aluminum or an aluminum alloy-containing heat exchanger, are as follows. 

55 (J) Chemical etching step 

Treatment temperature: Room temperature to 80°C 
Treatment method: Immersion or spraying method 
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0 Water-rinsing step 

Treatment method: Immersion or spraying method 

5 © Chemical conversion treatment step (First protective layer-coating step) 

Treatment temperature: 20 to 70°C 
Treatment method: Immersion or spraying method 

to @ Water-rinsing step 

Treatment method: Immersion or spraying method 

© Hydrophilic coating layer-forming step (Second protective layer-coating step) 

15 

Treatment temperature: Room temperature to 70°C 
Treatment method: Immersion or spraying method 

© Drying step 

20 

Treatment temperature: 100 to 300°C 

[0032] The chemical etching step ®, the water-rinsing step @ and ® t the first protective layer-coating step ® and 
the second protective layer-coating step © of the surface-treating process of the present invention can be carried out 
25 by a spraying method or an immersion method. 

[0033] Also, each of the water-rinsing steps © and ® can be carried out by a multi-stage rinsing method or a coun- 
tercurrent rinsing method in which the rinsing water fbws in a direction counter to the moving direction of the metal , 
material. Also, the water rinsing step may be carried out at an increased temperature to enhance the water-rinsing 
effect. 

30 

Chemical etching step 

[0034] The aluminum-containing metal material, particularly the aluminum or aluminum alloy heat exchanger, prefer- 
ably comprises an aluminum alloy which has an appropriate mechanical strength and processability. Also, when the 

35 tubes and fins for the heat exchanger are formed from the aluminum or aluminum alloy, they pass through a soldering 
oven, etc. and thus the surface of the aluminum-containing metal heat exchanger before the surface treatment is 
applied, is unevenly solid with segregated alloy components or oxides. When the solid metal surface is coated with a 
first protective layer comprising zirconium phosphate and/or titanium phosphate and containing no hexavalent chro- 
mium, the first protective layer-forming reaction is carried out unevenly, and thus the resultant first protective layer is 

40 also uneven. Therefore, the first protective layer exhibits an unsatisfactory corrosion resistance and an unsufficient 
adhesion to the second protective layer formed thereon. 

[0035] In the surface-treating process of the present invention, the chemically etched surface can be coated with the 
first and second protective layers which are uniform, exhibit an excellent corrosion resistance, and can maintain a high 
hydrophilicity over a long period. 
45 [0036] In the surface-treating process of the present invention for the aluminum-containing metal material, particularly 
the aluminum or aluminum alloy-containing heat exchanger, the treating liquid for the chemical etching step is classified 
into acid solutions and alkaline solutions. 

[0037] The acid solutions for the chemical etching step preferably contain at least one member selected from mineral 
acids, for example, sulfuric acid, hydrofluoric acid, nitric add and phosphoric acid. 
so [0038] The acid etching solution may contain an oxidizing agent selected from nitrite ions, hydrogen perioxide and 
ferric ions. 

[0039] The alkaline solution for the chemical etching step preferably contain at least one member selected from 
sodium hydroxide, potassiurh hydroxide and alkali metal phosphates. 

[0040] In the chemical etching step of the surface-treating process of the present invention, a surfactant may be added 
55 to the chemical etching liquid, to homogenize the chemical etching effect, and when aluminum is dissolved in the chem- 
ical etching liquid and the etching effect is decreased, a chelating agent for catching the dissolved aluminum may be 
added to the chemical etching liquid to prevent the decrease in the etching effect In this case, the chelating agent for 
aluminum may be selected from citric add, oxalic acid, tartaric acid, gluconic add and salts of these acids. 
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[0041] The chemical etching step is preferably carried out at an etching temperature of 20 to 70°C, particularly 35 to 
60°C. The temperature of the chemical etching liquid may be increased to more than 70°C for enhancing the etching 
efficiency. However, when the etching liquid temperature is 80°C or more, the water is rapidly evaporated and the etch- 
ing temperature is easily changed, and thus the etching liquid temperature is preferably lower than 80°C. 
5 [0042] In the process of the present invention, the chemical etching step is preferably carried out to such an extent 
that the reduction in weight of the aluminum-containing metal material due to the chemical etching reaches 0.02 to 20 
g/m 2 , more preferably 0.02 to 1 0 g/m 2 . 

Chemical conversion treatment step 
w (Formation of a first protective layer) 

[0043] In the surface treating process of the present invention for the aluminum-containing metal material, the chem- 
ical conversion treatment for forming a first protective layer can be carried out by using a trade reagent for the non-chro- 
mate chemical conversion treatment For example, a surface-treating liquid containing a mixture of phosphate ions and 

75 a zirconium compound and/or a titanium compound in a specific mixing ratio or a surface treatment composition con- 
taining the above-mentioned mixture in a specific content is brought into contact with a desired portion of the chemically 
etched aluminum-containing metal material at a temperature of 20 to 70 6 C for a certain time by an immersion or spray- 
ing method, to form a chemical conversion coating containing, as a principal component zirconium phosphate and/or 
titanium phosphate on the surface of the aluminum-containing metal material. 

20 [0044] Also, in the chemical conversion reaction for forming the first protective layer in accordance with the process 
of the present invention, the treating liquid may contain at least one member selected from fluorides, for example, 
hydrofluoric acid and oxidants, for example, nitrite ions and hydrogen peroxide, to enhance the chemical conversion 
coating-forming efficiency. Also, to prevent a decrease in reaction efficiency due to the dissolution of aluminum in the 
treating liquid, a chelating agent for catching the dissolved aluminum may be added to the treating liquid. For this pur- 

25 pose, the chelating agent preferably comprises at least one member selected from citric acid, oxalic acid, tartaric add, 
phosphoric acid, gluconic acid and salts of the above-mentioned adds. 

[0045] In the process of the present invention, the chemical conversion treatment is carried out at a temperature of 
from room temperature to 80°C, usually room temperature of 10 to 40°C. The treating liquid temperature may be higher 
than 80°C, to promote the chemical conversion reaction and enhance the operation efficiency. Generally, the chemical 
30 conversion treatment temperature is more than 80°C, water in the treating liquid may be rapidly evaporated and thus 
the composition of the treating liquid may be changed to an unbalanced composition. 

Hvdrophilic coatinQ-formino step 
(Formation of a second protective layer) 

35 

[0046] The resin coating layer forming the second protective layer of the present invention comprises a hydrophilic 
resin having at least one type of reactive functional groups (b) at least a portion of which is cross-linked and at least one 
type of hydrophilic functional groups (a) which are not cross-linked. The non-cross-linked hydrophilic functional groups 
are preferably selected from a primary amino group, secondary amino groups tertiary amino groups, quaternary ammo- 
40 nium salt groups, an amide group, a carboxyl group, a sulfonic acid group, a phosphoric add group and a hydroxyl 
group. 

[0047] The reactive functional groups (b) are different from the hydrophilic functional group (a) and can be cross- 
linked with a cross-linking agent When the hydrophilic resin is prepared from a mixture of a hydrophilic polymer having 
the non-cross-linked hydrophilic functional groups (a) and a reactive polymer having the reactive functional groups (b), 

45 the reactive polymer (b) may be selected from water-soluble, cross-linking polymers (P1), for example, hornopolymers 
and copolymers of addition-polymerizable monomers having at least one type of hydrophilic groups, selected from 
amido, hydroxyl and carboxyl groups, for example, acrylamide, 2-hydroxyethyl acrylate, acrylic add and maleic add, 
and copolymers of the above-mentioned monomer with other addition-polymerizable monomers, and condensation- 
polymerized polymers, for example, water-soluble polyamides and water-soluble nylons, and the hydrophilic pdymer 

so (a) may be selected from water-soluble, non-cross-linked polymers (P2), for example, hornopolymers and copolymers 
of addition-polymerizable monomers having at least one type of hydrophilic groups, for example, sulfonic acid groups 
and sulfonate salt groups, for example, vinylsulfonic acid, suHbethyl acrylate, and 2-acrylamido-2-methylpropane-sul- 
fonic acid, and copolymers of the above-mentioned addition-polymerizable monomer with other monomers. There is no 
limitation to the mixing ratio of the polymer (P2) to the polymer (P1). Usually, the hydrophilic polymer (P2) is mixed in 

55 an amount of 1 to 200 parts by weight with 100 parts by weight of the reactive polymer (P1). 

[0048] As a water-soluble polymer (P3) having both the hydrophilic functional groups (a) and the reactive functional 
groups (b), a polymer prepared by introdudng hydrophilic, non-cross-linking groups, for example, sulfonic acid groups 
or sulfonate salt groups into moleculars of the water-soluble cross-linking polymers can be used. 
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[0049] As a water-soluble polymer (P4) having polyethyleneoxfcJe chain groups (c) located in molecular chain skeltons 
and capable of forming a flexible coating having a high softness, water-soluble nylons and polyethylene glycol can be 
used. 

[0050] There is no limitation to the contents of the polymer (P3) and the polymer (P4). Preferably the polymer (P4) is 
used in an amount of 50 to 300 parts by weight per 100 parts by weight of the polymer (P1) and the polymer (P4) is 
used in an amount of 20 to 200 parts per 1 00 parts by weight of the polymer (P3). 

[0051] A water-soluble polymer (P5) having the hydrophilic functional groups (a), the reactive functional groups (b) 
and the pofyethyleneoxide groups (c), may be selected from copolymers of addition-polymerizable monomers having 
acrylamide groups and tertiary amine groups with another addition-polymerizable monomers, for example, polyethyt- 
eneglycol acrylates and polyethyleneglycol acrylate-alkylphenylether, water-soluble polyamides produced by a terpo- 
lymerization of aminoethylpiperazine with polyethylene-glycoldiamine and adipic acid. 

[0052] In the process of the present application, the second protective layer containing the hydrophilic resin compris- 
ing the above-mentioned component polymers preferably has a softening temperature of 100°C or less. When the sof- 
tening temperature is higher than 100°C, the resultant second protective layer may exhibit an insufficient effect on the 
prevention of coating-removal phenomenon. 

[0053] The cross-linking agent reactive to the reactive functional group (b) is preferably selected from those capable 
of cross-linking with at least one hydrophilic reactive group selected from amide, hydroxyl and carboxyl groups but not 
reactive to the hydrophilic functional groups (a). The cross-linking agent is preferably selected from organic compounds 
having isocyanate, glycidyl, aldehyde, and/or methylol groups, and cross-linking metal compounds, for example, chro- 
mium, zirconium and/or titanium compounds. There is no limitation to the content of the cross-linking agent in the sec- 
ond protective layers. Usually the cross-linking agent is employed in an amount of 0.001 to 100 parts by weight per 100 
parts by weight of the polymer (P1), (P3) or (P5). 

[0054] The second protective layer preferably contains an antibacterial agent which does not thermally decompose 
at a temperature of 100°C or less. The antibacterial agent contributes to preventing the growth of microorganisms in the 
gaps between the fins of the heat exchanger and the generation of putrid odor from the metabolic product of the micro- 
organisms. There is no limitation to the content of the antibacterial agent in the second protective layer. Usually, the anti- 
bacterial agent is contained in a content of 0.1 to 30 parts by weight per 100 parts by weight of the hydrophilic resin, in 
the second protective layer. 

[0055] The second protective layers optionally contains, in addition to the above-mentioned components, at least one 
member selected from anti-rust agents, leveling agents, fillers, coloring materials, surfactants and anti-foaming agents, 
in an amount in which the coating performance of the second protective layer is not affected. 
[0056] The solid content of viscosity of the coating liquid for the second protective layer are variable in response to 
the coating method and the target thickness of the second protective layer. Preferably, the thickness of the second pro- 
tective layer after drying is 0.05 to 5 urn, more preferably 0.1 to 2 jim. When the thickness is less than 0.05 |im, the 
resultant second protective layer may exhibit an insufficient hydrophilicity. Also, when the thickness is more than 5 jim, 
the resultant second protective layer may exhibit an unsatisfactory heat-conductivity. 

[0057] Generally, for the aluminum-containing metal material, particularly the aluminum or aluminum alloy heat 
exchanger, aluminum alloys which have a high mechanical strength and an appropriate workability are preferably used. 
[0058] When the aluminum-containing metal tubes and fins are subjected to a forming procedure, since they pass 
through a soldering oven, the surfaces of the aluminum-containing metal tubes and fins of the heat exchanger before 
the surface treatment are unevenly soiled by the segregation and oxides of alloy components. 
[0059] If the solid surface of the aluminum-containing metal material is directly coated with a first protective layer con- 
taining zirconium phosphate or titanium phosphate, the coating-forming reaction on the aluminum-containing metal 
material surface is carried out unevenly, and thus the resultant first protective layer is non-uniform. Therefore, the first 
protective layer per se exhibit an unsatisfactory corrosion resistance and/or an insufficient adhesion to the second 
recording layer formed on the first protective layer. 

[0060] Further, by forming a second protective layer comprising an aqueous polymer, to enhance the flextoility of the 
coating, the resultant coating accumulated on curved portions of the heat exchanger can be prevented from scattering. 
Therefore, the first and second protective layers in accordance with the present invention are appropriate to form a pro- 
tective composite coating for the aluminum-containing metal heat exchanger. 

[0061] Also, even if the coating has, as a whole, a decreased softening temperature, and the softened coating is 
formed on a curved portion of the aluminum-containing metal material, the soft coating is broken by repeated shrinkage 
and expansion thereof occurred due to a stress created by repeated cooling and drying operations, and thus, the odor 
generation due to the metal or metal oxide surface exposed through the broken coating can be prevented. 

EXAMPLES 

[0062] The usefulness of the process of the present invention will be further explained by the following examples in 
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comparison with the comparative examples. 
Example 1 

5 [0063] An aluminum heat exchanger was immersed in an aqueous solution of 2% by weight of sulfuric acid at a tem- 
perature of 60°C for 2 minutes, to subject the heat exchanger surface to an etching step. In this step, the reduction in 
weight of the aluminum heat exchanger was 0.1 g/m 2 . 

[0064] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in a titanium phosphate chemical convention treatment liquid (made by NIHON PARKERIZING CO.) and then was 
10 rinsed with tap water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an 
amount of 10 mg/m 2 . 

[0065] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 5% by weight of a total solid content comprising 100 parts by weight of a polyacrylamide (made by DAIICHI 
KOGYOSEIYAKU K.K.), 1 10 parts by weight of a polyvinyl-sulfonic acid (made by NIHON SHOKUBAI K.K.), 50 parts 

15 by weight of a non-ionic, water-soluble nylon (made by TORAY K.K.) containing polyethyleneoxide groups in molecular 
skeletons thereof, and 30 parts by weight of a cross-linking agent consisting of chromium biphosphate, at a temperature 
of 25°C for 30 seconds. The aluminum heat exchanger was removed from the treating liquid, the amount of the treating 
liquid remaining on the heat exchanger surface being controlled by air-blowing, and heat-dried in an air-circulating oven 
controlled at a temperature of 1 40°C for 20 minutes. A second protective layer was formed, to a thickness of 0.8 urn, on 

20 the first protective layer. 

Example 2 

[0066] An aluminum heat exchanger was immersed in an aqueous solution of 0.5% by weight of hydrofluoric acid at 
25 a temperature of 50°C for 30 seconds, to subject the heat exchanger surface to an etching step. In this step, the reduc- 
tion in weight of the aluminum heat exchanger was 1 .5 g/m 2 . 

[0067] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in a zirconium phosphate chemical conversion treatment liquid (made by NIHON PARKERIZING CO.) and then was 
rinsed with tap water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an 
30 amount of 10 mg/m 2 . 

[0068] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 3.5% by weight of a total solid content comprising 100 parts by weight of a cationic, water-soluble nylon con- 
taining, in the molecular skeletons, polyethyleneoxide groups (made by TORAY K.K.) and 95 parts by weight of a cross- 
linking agent consisting epoxy-modified polyamide (made by TOHO KAGAKUKOGYO K.K.), at a temperature of 25°C 
35 for 30 seconds. The aluminum heat exchanger was removed from the treating liquid, the amount of the treating liquid 
remaining on the heat exchanger surface being controlled by air-blowing, and heat-dried in an air-circulating oven, con- 
trolled to a temperature of 140°C, for 20 minutes. A second protective layer was formed, to a thickness of 0.7 jim, on 
the first protective layer. 

40 Example 3 

[0069] An aluminum heat exchanger was immersed in an aqueous solution containing 2% by weight of sulfuric acid 
and fluorine (F) ions in a content of 20 ppm determined by a f luroine ion meter at a temperature of 60°C for 2 minutes, 
to subject the heat exchanger surface to an etching step. In this step, the reduction in weight of the aluminum heat 
45 exchanger was 0.2 g/m 2 . 

[0070] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in the same titanium phosphate chemical conversion treatment liquid as in Example 1 , and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 10 
mg/mi 2 . 

so [0071 ] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 1 .5% by weight of a total solid content comprising 100 parts by weight of a 90% saponification product of 
polyvinyl acetate, 100 parts by weight of a copolymer of methacryiic acid (60 molar %) with sutfoethyl acryfate (40 molar 
%), 50 parts by weight of a polyethylene glycol and 15 parts by weight of a cross-linking agent consisting of a blocked 
isocyanate (made by DAIICHI KOGYO K.K.), at a temperature of 25°C for 30 seconds. The aluminum heat exchanger 

55 was removed from the treating liquid, the amount of the treating liquid remaining on the heat exchanger surface being 
controlled by air-Wowing, and heat-dried in an air-circulating oven controlled to a temperature of 140°C for 20 minutes. 
A second protective layer was formed in a thickness of 0.3 ]im on the first protective layer. 
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Example 4 

[0072] An aluminum heat exchanger was immersed in an aqueous solution containing 0.5% by weight of sodium 
phosphate, 0.13% by weight of phosphorric add and 0.1% by weight of sodium gluconate at a temperature of 60°C for 
5 5 minutes, to subject the heat exchanger surface to an etching step. In this step, the reduction in weight of the aluminum 
heat exchanger was 2.0 g/m 2 . 

[0073] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in the same zirconium phosphate chemical conversion treatment liquid as in Example 2, and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 10 
10 mg/m 2 . 

[0074] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 5% by weight of a total solid content comprising 100 parts by weight of a copolymer of acrylamide (90 molar 
%) with sodium 2-acrylamido-2-methyIpropanesulfonate, 100 parts by weight of polyvinylsulfbnic acid, 50 parts by 
weight of a nonionic; water-soluble nylon and 75 parts by weight of a cross-linking agent consisting of zirconium ammo- 
15 nium carbonate, at a temperature of 35°C for 30 seconds. The aluminum heat exchanger was removed from the treating 
liquid, the amount of the treating liquid remaining on the heat exchanger surface being controlled by air-blowing, and 
heat-dried in an air-circulating oven controlled at a temperature of 1 40°C for 20 minutes. A second protective layer was 
formed in a thickness of 0.8 jim on the first protective layer. 

20 Example 5 

[0075] An aluminum heat exchanger was immersed in an aqueous solution of 0.5% by weight of NaOH, 0.76% by 
weight of phosphonic acid and 0.03% by weight of sodium gluconate at a temperature of 50°C for 5 minutes, to subject 
the heat exchanger surface to an etching step. In this step, the reduction in weight of the aluminum heat exchanger was 
25 6 g/m?. 

[0076] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in the same zirconium phosphate chemical conversion treatment liquid as in Example 2, and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 10 
mg/m 2 . 

30 [0077] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 10% by weight of a total solid content comprising 100 parts by weight of a nonionic, water-soluble nylon 
(made by TORAY K.K.), 200 parts by weight of a copolymer of acrylic acid (20 molar %) with sulfoethyl acrylate (80 
molar %), and 120 parts by weight of a cross-linking agent consisting of pentaerythritol polyglycidylether, at a temper- 
ature of 35°C for 30 seconds. The aluminum heat exchanger was removed from the treating liquid, the amount of the 

35 treating liquid remaining on the heat exchanger surface being controlled by air-blowing, and heat-dried in an air-circu- 
lating oven controlled at a temperature of 1 40°C for 20 minutes. A second protective layer was formed in a thickness of 
1 .2 iim on the first protective layer. 

Example 6 

40 

[0078] An aluminum heat exchanger was immersed in an aqueous solution of 10% by weight of nitric acid at a tem- 
perature of 50°C for 60 seconds, to subject the heat exchanger surface to an etching step. In this step, the reduction in 
weight of the aluminum heat exchanger was 4 g/m 2 . 

[0079] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
45 in the same titanium phosphate chemical conversion treatment liquid as in Example 1, and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 10 
mg/m?. 

[0080] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 4% by weight of a total solid content comprising 100 parts by weight of a polyacrylamide (made by DAIICHI 

so KOGYOSE IYAKU K.K.), 110 parts by weight of a polyvinyl-sulfonic acid (made by NIHON SHOKUBAI K.K), 50 parts 
by weight of a nonionic, water-soluble nylon (made by TORAY K.K.) containing polyethyleneoxide groups in molecular 
skeletons thereof, and 20 parts by weight of a cross-linking agent consisting of chromium fluoride, at a temperature of 
25°C for 30 seconds. The aluminum heat exchanger was removed from the treating liquid, the amount of the treating 
liquid remaining on the heat exchanger surface being controlled by air-blowing, and heat-dried in an air-circulating oven 

55 controlled to a temperature of 1 40°C for 20 minutes. A second protective layer was formed in a thickness of 0.8 \im on 
the first protective layer. 
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Example 7 

[0081] An aluminum heat exchanger was immersed in an aqueous solution containing 0.5% by weight of potassium 
hydroxide, 0.76% by weight of phosphonic acid and 0.2% by weight of sodium gluconate at a temperature of 60°C for 
5 60 seconds, to subject the heat exchanger surface to an etching step. In this step, the reduction in weight of the alumi- 
num heat exchanger was 1 .5 g/m 2 . 

[0082] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in the same zirconium phosphate chemical conversion treatment liquid as in Example 2, and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 10 

10 mg/nrf. 

[0083] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
containing 5% by weight of a total solid content comprising 100 parts by weight of a copolymer of acryiamkJe (90 molar 
%) with sodium 2-acrylamido-2-methytpropanesulfonate (10 molar %), 100 parts by weight of a polyvinytsulfonic acid, 
30 parts by weight of a nonionic, water-soluble nylon, and 75 parts by weight of a cross-linking agent consisting of zir- 
15 conium ammonium carbonate, at a temperature of 35°C for 30 seconds. The aluminum heat exchanger was removed 
from the treating liquid, the amount of the treating liquid remaining on the heat exchanger surface being controlled by 
air-blowing, and heat-dried in an air-circulating oven, controlled to a temperature of 140°C, for 20 minutes. A second 
protective layer was formed, to a thickness of 1 .2 urn, on the first protective layer. 

so Comparative Example 1 

[0084] An aluminum heat exchanger was immersed, without applying the etching step and the first protective layer- 
coating step, in an aqueous treating liquid containing 5% by weight of a total solid content comprising 100 parts by 
weight of a polyacrylamide (made by DAIICHI KOGVOSEIYAKU K.K.), 110 parts by weight of a polyvinylsulfonic acid 

25 (made by NIHON SHOKUBAI K.K.), 50 parts by weight of a nonionic, water-soluble nylon containing polyethylenecxide 
groups in molecular skeletons thereof (made by TORAY K.K.), and 30 parts by weight of a cross-linking agent consist- 
ing of chromium biphosphate, at a temperature of 25°C for 30 seconds. The aluminum heat exchanger was removed 
from the treating liquid, the amount of the treating liquid remaining on the heat exchanger surface being controlled by 
air-blowing, and heat-dried in an air-circulating oven, controlled to a temperature of 140°C, for 20 minutes. A second 

30 protective layer was formed in a thickness of 0.8 \im on the first protective layer. 

Comparative Examples 

[0085] An aluminum heat exchanger was washed with hot water in place of the chemical etching. The reduction in 
35 weight was 0.01 g/m 2 . The hot water-washed heat exchanger was immersed in the same zirconium phosphate chemi- 
cal conversion treatment liquid (made by NIHON PARKERIZING CO.) as in Example 2, and then was rinsed with tap 
water for 30 seconds, to form a first protective layer consisting of a chemical conversion coating in an amount of 20 
mg/m 2 . 

[0086] The aluminum heat exchanger coated with the first protective layer was immersed in an aqueous treating liquid 
40 containing 3.5% by weight of a total solid content comprising 1 00 parts by weight of a cationic, water-soluble nylon con- 
taining polyethyleneoxide groups in molecular skeletons thereof (made by TORAY K.K.), and 95 parts by weight of a 
cross-linking agent consisting of an epoxy-modif ied polyamide (made by TOHO KAQAKUKOQYO K.K.), at a tempera- 
ture of 25°C for 30 seconds. The aluminum heat exchanger was removed from the treating liquid, the amount of the 
treating liquid remaining on the heat exchanger surface is controlled by air-blowing, and heat-dried in an air-circulating 
45 oven controlled at a temperature of 140°C for 20 minutes. A second protective layer was formed in a thickness of 0.7 
jxm on the first protective layer. 

Comparative Example 3 

so [0087] An aluminum heat exchanger was immersed in an aqueous solution of 1 % by weight of hydrofluoric acid (HF) 
at room temperature for 30 seconds, to fully etch the heat exchanger surface. In this step, the reduction in weight of the 
aluminum heat exchanger was 3 g/m^ 

[0088] The heat exchanger was rinsed with tap water for 30 seconds. The aluminum heat exchanger was immersed 
in the same titanium phosphate chemical conversion treatment liquid as in Example 1, and then was rinsed with tap 
55 water for 30 seconds, to form a first protective layer consisting of chemical conversion coating in an amount of 10 
mg/m 2 . 

[0089] The aluminum heat exchanger coated with the first protective layer was dewatered by air-blowing, and heat- 
dried in an air-circulating oven controlled at a temperature of 140°C for 20 minutes. 
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Tests - . ~ 

[0090] the heat exchangers surface treated in Examples 1 to 7 and Comparative Examples 1 to 3 was subjected to 
the following tests and evaluated for corrosion resistance, hydrophilicity and odor generation-preventing property. 

(1) Corrosion resistance 

[0091 ] A specimen was subjected to a corrosion resistance test in accordance with the salt water-spray test of Japa- 
nese Industrial Standard (JIS) Z 2371 , for 72 hours. 
10 [0092] After the 72 hour salt water spray test was completed, the rusted area of the specimen surface was measured 
in % based on the total area of the specimen. 

[0093] the corrosion resistance of the specimen was evaluated in accordance with the following evaluation standard. 



20 



Evaluation standard of corrosion resistance 


Class 


Rusting area 


5 


No rust 


4 


10% or less 


3 


More than 10% but not more than 25% 


2 


More than 25% but not more than 50% 


1 


More than 50% 



(2) Hydrophilicity 

30 [0094] A specimen was immersed in a deionized water flowing at a flow rate of 0.5 liter/min for 72 hours. Before and 
after the immersion, the water-contact angle of a fin surface of the specimen was measured by a face-contact angle 
tester (model: CA-P, made by KYOWA KAIMENKAGAKU K.K.). The hydrophilicity of the specimen was evaluated under 
the following evaluation standard. 



Evaluation standard of hydrophilicity 




Water-contact angle (degree) 


Class 


Before immersion in water 


After immersion in water 


3 


Less than 10 degrees 


Less than 50 degrees 


2 


10 degrees or more and less than 50 degrees 


50 degrees or more and less than 70 degrees 


f 


50 degrees or more 


70 degrees or more 



(3) Odor generation-preventing property. 

[0095] A specimen was immersed in deionized water flowing at a flow rate of 0.5 liter/min for 72 hours. 
so [0096] The odor generation-preventing property of the water immersion-treated specimen was evaluated in orga- 
noleptic manner under the following evaluation standard. 



55 



Class 


Odor generation 


5 


No odor j 
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(continued) 



Class 


Odor generation 


4 


Very slight odor 


. 3 


Slight odor 


2 


Certain odor 


1 


Strong odor 



[0097] In Tables 1 and 2 ? the composition of each of the protective coating-forming liquids of Examples 1 to 7 and 
Comparative Examples 1 to 3 and the evaluation results thereof are shown. 
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[0098] Tables 1 and 2 clearly show that the protective coatings formed in Examples 1 to 7 in accordance with the proc- 
ess of the present invention exhibited an excellent corrosion resistance, hydrophilicity and prevention of odor generation 
in durability test However, in Comparative Examples 1 to 3, the resultant protective layers are unsatisfactory in at least 
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one item of the corrosion resistance, hydrophilicity after durability test, and the odor generation-preventing effect. 
[0099] In the surface-treating method of the present invention for the aluminum-containing metal material, the combi- 
nation of the first protective layer with the second protective layer, formed on the chemically etched surface of the alu- 
minum-containing metal material has a high uniformity, exhibits a high corrosion resistance and can maintain the 

5 hydrophilicity and the odor-generation-preventing effect at high level over a long period. Also, when an aqueous poly- 
mer capable of enhancing the flexibility of the second protective layer is added to the second protective layer, the result- 
ant protective coating, for example, formed on a curved portion of a heat exchanger, can exhibit a high resistance to 
scattering. Also, since the protective coating contains no hexavalent chromium, the waste-water-treating cost is low. 
Accordingly, the surface-treating process of the present invention is adequate as a post-treatment process for alumi- 

w num-containing metal heat exchangers. 

Claims 

1 . A process for surface-treating an aluminum-containing metal material, comprising the steps of: 

15 

chemically etching at least a portion of a surface of an aluminum-containing metal material; 
applying a chemical conversion treatment to the chemically etched surface of the aluminum-containing metal 
material with a chemical conversion treating liquid containing at least one member selected from the group 
consisting of zirconium phosphate and titanium phosphate, to form a first protective liayer; and 
20 forming a second protective layer containing a hydrophilic resin on the first protective layer, 

wherein the hydrophilic resin contained in the second protective layer comprises at least one polymer having 
at least one type of non-cross-linked hydrophilic functional groups and at least one type of reactive functional 
groups different from the hydrophilic functional groups, at least a portion of the reactive functional groups being 
cross-linked. 

25 

2. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 , wherein the second 
protective layer is formed by coating the first protective layer with a resin treating liquid comprising at least one pol- 
ymer having one or more types of hydrophilic functional groups and one or more types of reactive functional groups 
different from the hydrophilic functional groups and a cross-linking agent comprising at least one cross-linking com- 

30 pound reactive to the reactive functional groups but not reactive to the hydrophilic functional groups; and heat-dry- 
ing the resultant resin treating liquid layer. 

3. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 , wherein the second 
protective layer is formed by coating the first protective layer with a resin treating liquid containing at least one 

35 hydrophilic polymer having one or more types of hydrophilic functional groups, at least one reactive polymer having 
one or more types of reactive functional groups different from the hydrophilic functional groups, and a cross-linking 
agent comprising at least one cross-linking compound reactive to the reactive functional groups but not reactive to 
the hydrophilic functional groups; and heat-drying the resultant resin treating liquid layer. 

40 4. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 , wherein the second 
protective layer is formed by coating the first protective layer with a resin treating liquid containing a cross-liquid 
agent comprising at least one cross-linking compound having one or more types of hydrophilic functional groups 
and one or more types of cross-linking functional groups non-reactive to the hydrophilic functional groups, and at 
least one polymer having one or more types of reactive functional groups different from the hydrophilic functional 

<5 groups of the cross-linking compound and reactive to the cross-linking functional groups of the cross-linking com- 
pound; and heat-drying the resultant resin treating liquid layer. 

5. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 , wherein the alumi- 
num-containing metal material is a heat-exchanger having solder-bonded tubes and fins comprising aluminum or 

so an aluminum alloy. 

6. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 or 5, wherein the 
aluminum-containing metal material exhibit a reduction in weight of 0.02 to 20 g/m 2 by the chemical etching step. 

55 7. The surface-treating process for the aluminum-containing metal material as claimed in claim 1 or 6, wherein the 
chemical etching step is carried out by using an aqueous acid solution containing at least one member selected 
from the group consisting of sulfuric acid, hydrofluoric acid, nitric acid, and phosphoric acid, or an aqueous alkaline 
solution containing at least one member selected from the group consisting of sodium hydroxide, potassium 
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hydroxide and alkali metal phosphatase. 
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